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(g) Method of fabricating ink-jet type printer head. 

@ Disclosed herein is a method of producing an 
ink-jet type printer head. A plurality of plate- 
shaped piezoelectric members are stuck onto 
the surface of a low-rigidity member so that they 
are disposed adjacent to the low-rigidity mem- 
ber. A plurality of grooves extending from the 
surfaces of the piezoelectric members to the 
inside of the low-rigidity member are defined by 
grinding in parallel at given intervals inclusive 
of positions at which the grooves extend 
through Joints between the adjacent piezoelec- 
tric members. In addition, posts are formed on 
both sides of each of the grooves and elec- 
trodes are disposed on both inner sides of each 
groove. A roof is stuck on the surfaces of the 
piezoelectric members so as to define a plurali- 
ty of pressure chambers having one end in 
which a plurality of nozzles are formed. 



5 

CM 

CM 

m 



Q. 
LU 



FIG. 1(a) 2 



FIG.Kb) 




1 2a 

FIG.1 (c) 




7 1 4b 

FIG.1 (d) 

8 10 4 4a 




Jouve, 18, rue Saint-Denis, 75001 PARIS 



1 



EP 0 522 814 A2 



2 



FIELD OF THE INVENTION AND RELATED ART 
STATEMENT 

The present invention relates to a method of pro- 
ducing an ink-jet type printer head of an on-demand 5 
type. 

An ink-jet type printer head disclosed in Japa- 
nese Patent Application Laid-Open No. Hel 2-150355 
will first be described with reference to FIG. 7. More 
specifically, a piezoelectric member 30 has a plurality 10 
of pressure chambers 31 coupled to an ink supply 
unit, which are respectively partitioned by side walls 
32. A plurality of nozzles 33 are defined in one end of 
each pressure chamber 31, respectively. A roof 34 is 
stuck on the piezoelectric member 30 to close the 15 
pressure chambers 31. Further, a pair of opposed 
electrodes 35, 36 are formed onto both side faces of 
each of the side walls 32. The piezoelectric member 
30 is polarized in its thickness direction, i.e., in the di- 
rection indicated by the arrow y. Thus, when a desired 20 
voltage is applied between the electrodes 35 and 36, 
the side wall 32 of the piezoelectric member 30 is de- 
formed in the direction perpendicular to the polarized 
direction referred to above. The direction in which the 
side wall 32 is deformed is reversed depending on the 25 
polarity of the applied voltage. Accordingly, the ca- 
pacity of the pressure chamber 31 partitioned by the 
side walls 32 is increased or decreased depending 
upon the polarity of the voltage applied between the 
electrodes 35 and 36. When the capacity of the pres- 30 
sure chamber 31 increases, the pressure in the pres- 
sure chamber 31 is reduced to thereby suck ink from 
the ink supply unit When, on the other hand, the ca- 
pacity of the pressure chamber 31 is decreased, the 
pressure in the pressure chamber 31 is increased to 35 
thereby deliver the internally-supplied ink from the 
nozzle 33. 

When the ink-jet type printer head for a line printer 
is manufactured using such a principle, it is necessary 
to set the width of the ink-jet type printer head to 210 40 
mm or longer when its width is associated with the pa- 
per size of A4, for example. It is, however, difficult to 
fabricate the piezoelectric member in a long size of 
210 mm or longer and in thin form. Even if the piezo- 
electric member is produced in this condition, it be- 45 
comes expensive. Therefore, a subdivided head 
block 37 is formed as shown in FIGS. 8 and 9. Then, 
an ink-jet type printer head 38 suitable to a line printer 
is formed by coupling a plurality of subdivided head 
blocks 37 to one another so that they are disposed ad- so 
jacent to one another as shown in FIG. 10. 

FIG. 11 shows the structure of each of the head 
blocks 37. Reference numeral 30 indicates a piezo- 
electric member which has a plurality of grooves 39 
defined therein. The respective grooves 39 have elec- 55 
trodes (not shown) disposed on the inner surfaces 
thereof. The roof 34 for covering the grooves 39 is 
stuck on the piezoelectric member 30, and a nozzle 



plate 40 having a plurality of nozzles 33 defined there- 
through in an opposing relationship to the leading 
ends of the grooves 39 is stuck on the end face of the 
piezoelectric member 30, thereby forming a head 
block 37. 

The head blocks 37 should be coupled to one an- 
other in plura! form to form the ink-jet type printer 
head 38 shown in each of FIGS. 8 through 11 . There- 
fore, joints between the adjacent head blocks 37 look 
awkward. It is also difficult to stick or couple the head 
blocks 37 to one another because the area of a face 
41 for sticking or bonding the head blocks 37 to one 
another is small. Further, since the pitch of each of the 
grooves 39 to be arranged is small and a side wall 42 
between the adjacent grooves 39 is narrow in width, 
the centers of the side walls 42 cannot be regarded as 
the junction between the piezoelectric members 30 
disposed adjacent to one another, and the grooves 39 
are also defined on the face 41 for sticking the piezo- 
electric members 30 to each other. Therefore, a proc- 
ess for preventing the Ink from leaking out of the bot- 
tom of each groove 39 should also be carried out Ac- 
cordingly, the manufacturing cost of the printer head 
is raised. 

OBJECTS AND SUMMARY OF THE INVENTION 

It is a first object of the present invention to pro- 
vide an ink-jet type printer head which can be in- 
creased in width by using an inexpensive and narrow 
piezoelectric member. 

It is a second object of the present invention to 
provide an ink-jet type printer head which can be re- 
duced in cost by using a thin piezoelectric member. 

It is a third object of the present invention to pro- 
vide an ink-jet type printer head capable of reliably 
preventing ink from leaking out of a pressure cham- 
ber. 

It is a fourth object of the present invention to pro- 
vide an ink-jet type printer head capable of increasing 
the amount of strain of each of posts so as to improve 
the property of delivery of ink drops. 

According to one aspect of the present invention, 
there is provided a method of fabricating an ink-jet 
type printer head, comprising the steps of sticking a 
plurality of plate-shaped piezoelectric members pola- 
rized in their thickness directions on the surface of a 
low-rigidity member having a non-conductive proper- 
ty and a non-electrostrictive property so that the pie- 
zoelectric members are disposed adjacent to the low- 
rigidity member; defining a plurality of grooves ex- 
tending from the surfaces of the piezoelectric mem- 
bers to the inside of the low-rigidity member by grind- 
ing in parallel at given intervals inclusive of positions 
at which the grooves extend through respective joints 
between the adjacent piezoelectric members; forming 
posts on both sides of each of the grooves; forming 
electrodes on two inner sides of each of the grooves; 
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sticking a roof on the surfaces of the piezoelectric 
members so as to dose top opening surfaces of the 
grooves, thereby defining a plurality of pressure 
chambers coupled to an ink supply unit; and forming 
a plurality of nozzles in one end of each pressure 
chamber, respectively. 

Accordingly, a piezoelectric member stuck on a 
single low-rigidity member can be divided into plural 
shapes. Therefore, inexpensive and short piezoelec- 
tric members can be used. It is also possible to form 
pressure chambers each partitioned into a shear- 
deformed piezoelectric member and a simple low-rig- 
idity member. Therefore, the thickness of each piezo- 
electric member can be rendered thin and the cost of 
the piezoelectric member can be further reduced. In 
addition, the recessing can be applied to the low-rig- 
idity member and each piezoelectric member stuck on 
the low-rigidity member in a stable state. Thus, a plur- 
ality of piezoelectric members can be brought into the 
same state as when they are shaped in integral form, 
without changing the shapes of the joints between the 
adjacent piezoelectric members. Further, grooves are 
defined in the joints between the adjacent piezoelec- 
tric members by grinding. The bottoms of the pressure 
chambers are formed by the single low-rigidity mem- 
ber, whereas the top surfaces thereof are formed by 
a single roof. Both sides of each pressure chamber 
are formed by posts each comprising the low-rigidity 
member and the piezoelectric member both of which 
have stuck to each other. It is, therefore, possible to 
reliably prevent ink from leaking out of each pressure 
chamber. Further, since the low-rigidity member has 
rigidity lower than that of the piezoelectric member, 
the resistivity of each post on the low-rigidity member 
side to each post on the piezoelectric member side 
can be reduced, thereby making it possible to in- 
crease the amount of strain of each post and improve 
the property of delivery of ink drops. 

The above and other objects, features and advan- 
tages of the present invention will become apparent 
from the following description and the appended 
claims, taken in conjunction with the accompanying 
drawings in which preferred embodiments of the pres- 
ent invention are shown by way of illustrative exam- 
ple. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front view showing one embodiment of 
the present invention as claimed in claims 1 and 
2 and showing a process for production of the 
above embodiment; 

FIG. 2 is a perspective view showing one step of 
the production process; 

FIG. 3 is a vertical sectional side view illustrating 
the one step of the production process; 
FIG. 4 is a perspective view showing the manner 
of completion of an ink-jet type printer head; 
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FIG. 5 is a vertical sectional front view showing 
variations in strain of each post employed in the 
printer head; 

FIG. 6 is a vertical sectional side view depicting 
one embodiment of the present invention as 
claimed in claim 3; 

FIG. 7 is a vertical sectional front view illustrating 
a conventional example; 

FIG. 8 is a perspective view illustrating one step 
of a conventional production process; 
FIG. 9 is a perspective view showing one step of 
the conventional production process; 
FIG. 10 is a perspective view showing a conven- 
tional ink-jet type printer head; and 
FIG. 11 is an exploded perspective view showing 
a part of the printer head illustrated in FIG. 10. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



One embodiment of the present invention as 
claimed in claims 1 and 2 will hereinafter be described 
with reference to FIGS. 1 through 5. As shown in FIG. 
1(a), a low-rigidity member (substrate) 1 is first pro- 
25 vided which has a non-conductive property and a 
non-electrostrictive property, and which facilitates the 
production of an elongate shape, can be mechanically 
processed, and is formed of a material having rigidity 
lower than that of each of piezoelectric members 2 as 
30 in the case of liquid-crystal polymeric plastic, for ex- 
ample. A plurality of piezoelectric members 2, which 
are provided adjacent to one another, are stuck on the 
surface of the low-rigidity member 1 . In addition, each 
piezoelectric member 2 is formed of a piezoelectric 
35 ceramic and polarized in its thickness direction. 

As shown in FIGS. 1(b), 2 and 3, a plurality of 
grooves 3 and a plurality of columns or posts 4 are 
formed in the low-rigidity member 1 and each piezo- 
electric member 2 In such a manner as to be alter- 
40 nately arranged. At this time, the intervals of the re- 
spective grooves 3 to be arranged and the widths of 
the piezoelectric members 2 are determined in such 
a way that each of specific grooves 3 is positioned on 
a joint 2a between the adjacent piezoelectric mem- 
45 bers 2. Accordingly, these posts 4 comprise upper 
posts 4a formed in each piezoelectric member 2 and 
lower posts 4b formed integrally with the low-rigidity 
member 1. These grooves 3 are mechanically proc- 
essed by a diamond wheel 5 of a dicing saw used to 
50 cut an IC wafer. In FIGS. 2 and 3, the respective 
grooves 3 are in communication with a passage 6 
which extends at a right angle to the grooves 3. The 
passage 6 is formed of the low-rigidity member 1 be- 
fore the respective piezoelectric members 2 are stuck 
55 on the low-rigidity member 1 . . 

As shown in FIG. 1(c), electrodes 7 each having 
an inverted U-shaped cross section are formed in the 
respectively corresponding grooves 3. Thereafter, 
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leads (not shown) are electrically connected to the 
electrodes 7. These electrodes 7 are formed by a 
means for forming a catalytic layer on the low-rigidity 
member 1 and each piezoelectric member 2 after they 
have been subjected to pre-processing prior to plat- 5 
ing, subjecting them to either electroless nickel plating 
or electroless copper plating or electroless gold plat- 
ing and removing a plated layer formed onto the sur- 
face of each piezoelectric member 2. 

AsshowninFIG.1(d),aroof8isstuckonthesur- 10 
face of each piezoelectric member 2 so as to close or 
block an opening surface or area of each groove 3, 
thereby defining a plurality of pressure chambers 10. 
Further, nozzle plates 12 having a plurality of nozzles 
11 are stuck onto corresponding end faces of the low- 15 
rigidity member 1 and the piezoelectric member 2. As 
illustrated in FIG. 4 f an ink-jet type printer head 14 is 
formed by connecting an ink supply pipe 13 to the 
passage 6. Designated at numeral 1 5 is a platen on 
which a roll of sheet 16 is wound. 20 

A description will now be made to the case where 
ink is delivered from a centrally-defined pressure 
chamber 1 0 under the construction referred to above 
with reference to FIG. 5. Now, the centrally-defined 
pressure chamber is indicated by 10c, and pressure 25 
chambers disposed on both sides as seen from the 
centrally-defined pressure chamber 10c are denoted 
by 10L, 10R respectively. A central electrode is indi- 
cated by 7c, and electrodes disposed on both sides as 
seen from the central electrode 7c are denoted by 7L, 30 
7R respectively. When a negative voltage is applied 
to the electrode 7c formed onto the inner side face of 
the central pressure chamber 10c and a positive vol- 
tage is applied to each of the electrodes 7L, 7R, the 
posts 4 located on both sides of the central pressure 35 
chamber 7c are symmetrically deformed outward as 
indicated by the chain lines to thereby increase the ca- 
pacity of the central pressure chamber 1 0c and to re- 
duce its internal pressure. As a result, the ink in an ink 
supply unit is sucked into the central pressure cham- 40 
ber 10c. Then, when the application of the voltage to 
the above electrodes is stopped, the posts 4 serve to 
return to the original form owing to strain energy stor- 
ed in the posts 4. Therefore, the capacity of the central 
pressure chamber 10c is reduced so that its internal 45 
pressure is raised. Thus, the ink of the central pres- 
sure chamber 10c is delivered from the nozzle 11. 

At this time, each upper post 4a is formed of the 
piezoelectric member 2 having high rigidity, whereas 
each lower post 4b is formed of the low-rigidity mem- so 
ber 1 which is made of a synthetic resin and has rig- 
idity lower than that of the piezoelectric member 2. 
Therefore, the resistivity of each lower post 4b to the 
strain of each upper post 4a is reduced, thus increas- 
ing the amount of strain of each post 4 so as to enable 55 
the property of delivery of ink drops to be improved. 

As described above, a piezoelectric member 2 
stuck on a single low-rigidity member 1 can be divided 



into plural shapes. Therefore, an inexpensive and 
short piezoelectric member 2 can be used. It is also 
possible to form a pressure chamber 10 partitioned 
into a shear-deformed piezoelectric member 2 and a 
simple low-rigidity member 1. Therefore, the thick- 
ness of each piezoelectric member 2 can be rendered 
thin and the cost of each piezoelectric member 2 can 
be further reduced. In addition, the recessing can be 
applied to the low-rigidity member 1 and each piezo- 
electric member 2 stuck to the low-rigidity member 1 
in a stable state. Thus, a plurality of piezoelectric 
members 2 can be brought into the same state as 
when they are shaped in an integral manner, without 
changing the shape of the joint 2a between the piezo- 
electric members 2. Further, each of the grooves 3 is 
defined In the Joint 2a between the adjacent piezo- 
electric members 2 by grinding. The bottoms of the 
pressure chambers 10 are formed by the single low- 
rigidity member 1, whereas the top surfaces thereof 
are formed of the single roof 8. Both sides of the pres- 
sure chamber 10 are formed of the posts 4 each com- 
prising the low-rigidity member 1 and the piezoelectric 
member 2, both of which have stuck to each other. It 
is, therefore, possible to reliably prevent the ink from 
leaking out of the pressure chamber 10. 

One embodiment of the invention as claimed in 
claim 3 will now be described with reference to FIG. 
6. The same elements of structure as those employed 
in the aforementioned embodiment are identified by 
like reference numerals and their description will 
therefore be omitted. In the present embodiment, an 
adhesive layer for causing a substrate 17 and a pie- 
zoelectric member 2 to stick to each other is used as 
a low-rigidity member 1 8. A plurality of grooves are de- 
fined so as to extend from the surface of the piezo- 
electric member 2 to the inside of the low-rigidity 
member 18. Further, a plurality of pressure chambers 
1 0 are defined by joining a roof 8 to the surface of the 
piezoelectric member 2. In the present embodiment 
as well, each of posts 4 disposed on both sides of the 
pressure chamber 10 comprises an upper post 4a of 
the piezoelectric member 2 and a lower post 4b of the 
low-rigidity member 18. Therefore, the amount of de- 
formation of each post 4 can be increased In the same 
manner as the previous embodiment 

Since the adhesive layer for joining the substrate 
17 and the piezoelectric member 2 to each other is 
used as the low-rigidity member 18 as described 
above, It Is unnecessary to make the substrate 17 
non-conductive. When the plating for forming electro- 
des 7 in the low-rigidity member 18 as the adhesive 
layer is made, the adhesive layer is mixed with a metal 
such as palladium or the like, which serves as a cat- 
alytic nucleus, thereby making It possible to apply the 
electroless plating to the low-rigidity member 18. 

According to the present invention, a plurality of 
plate-shaped piezoelectric members polarized in their 
thickness directions are stuck, adjacent to one an- 
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other, on the surface of a single low-rigidity member 
having a non-conductive property and a non-electro- 
strictive property. A plurality of grooves are defined in 
parallel at given intervals by grinding so as to extend 
from the surface of each of the piezoelectric members 
to the inside of the low-rigidity member, inclusive of 
positions at which the grooves extend through joints 
among the piezoelectric members. In addition, posts 
are formed on both sides of each of the grooves and 
electrodes are disposed on both inner sides of each 
groove. Then, a roof is stuck on the surface of each 
piezoelectric member to block or close the top open- 
ing area of each groove, thereby defining a plurality 
of pressure chambers coupled to an ink supply unit 
and each having one end at which a nozzle is provid- 
ed. Therefore, the piezoelectric member stuck on the 
single low-rigidity member can be divided into plural 
shapes, thereby making it possible to use inexpensive 
and short piezoelectric members, it is also possible to 
form a pressure chamber partitioned into a shear- 
deformed piezoelectric member and a simple low-rig- 
idity member. Therefore, the thickness of each piezo- 
electric member can be decreased and the manufac- 
turing cost of the piezoelectric member can be re- 
duced. Further, the recessing can be applied to the 
low-rigidity member and each piezoelectric member 
stuck to the low-rigidity member in a stable state. 
Thus, a plurality of piezoelectric members can be 
brought into the same state as when they are shaped 
in integral form, without changing the configurations 
of the joints among the piezoelectric members. Fur- 
thermore, the grooves are respectively defined in the 
joints among the piezoelectric members disposed ad- 
jacent to one another by grinding. The bottoms of the 
pressure chambers are formed by the single low-rig- 
idity member, whereas the top surfaces thereof are 
formed by the single roof. Both sides of the pressure 
chamber are formed by the posts each comprising the 
low-rigidity member and the piezoelectric member, 
both of which have stuck to each other. It is, therefore, 
possible to reliably prevent the ink from leaking out of 
each pressure chamber. Since the low-rigidity mem- 
ber has rigidity lower than that of the piezoelectric 
member, the resistivity of each post on the low-rigidity 
member side to the strain of each post on the piezo- 
electric member side can be reduced, thereby in- 
creasing the amount of strain of each post so as to en- 
able the property of delivery of ink drops to be im- 
proved. 

Having now fully described the invention, it will be 
apparent to those skilled in the art that many changes 
and modifications can be made without departing 
from the spirit or scope of the invention as set forth 
herein. 
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Claims 

1. A method of fabricating an ink-Jet type printer 
head, comprising the steps of: 

sticking a plurality of plate-shaped piezo- 
electric members polarized in their thickness di- 
rections on the surface of a low-rigidity member 
having a non-conductive property and a non- 
electrostrictive property so that said piezoelectric 
members are disposed adjacent to said low-rigid- 
ity member; 

defining a plurality of grooves extending 
from the surfaces of said piezoelectric members 
to the inside of said low-rigidity member by grind- 
ing in parallel at given intervals inclusive of posi- 
tions at which said grooves extend through re- 
spective joints between said adjacent piezoelec- 
tric members; 

forming posts on both sides of each of said 
grooves; 

forming electrodes on two inner sides of 
each of said grooves; 

sticking a roof on the surfaces of said pie- 
zoelectric members so as to close top opening 
surfaces of said grooves, thereby defining a plur- 
ality of pressure chambers coupled to an ink sup- 
ply unit; and 

forming a plurality of nozzles in one end of 
each of said pressure chambers, respectively. 

2. A method according to claim 1 , wherein said low- 
rigidity member is a substrate formed of plastic. 

3. A method according to claim 1 , wherein said low- 
rigidity member is an adhesive layer for sticking 
each of said piezoelectric members and said sub- 
strate to each other. 
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